The volatile constituents of Szovitsia callicarpa Fisch. & C. A. Mey. were obtained from the fruits by microdistillation, due to the limited plant material availability. Initial GC-MS analyses of the obtained material showed an unidentified major constituent with a molecular ion peak at M + 280. After hydrodistillation of the plant material, the resulting essential oil was also analyzed by GC and GC-MS, simultaneously. In total, twenty-two compounds, representing 98.6% of the microdistilled sample, were identified, whereas seventeen components were detected in the hydrodistilled oil, representing 98.5% of the total. The GC-MS analyses showed that the samples contained an unidentified major constituent, which was further purified from the hydrodistilled essential oil by micro-column chromatography. The structure was elucidated as α-kessyl acetate using 1 H-and 13 C-NMR spectroscopic and mass spectroscopic techniques. Other major constituents in the analytes were determined as longipinene, longicyclene and kessane. In addition, both samples, as well as the major compound α-kessyl acetate, were tested at 1 mg/mL concentration against the pathogen Candida tropicalis and for its free radical scavenging activity against 2,2diphenyl-1-picrylhydrazyl (DPPH • ) by TLC-bioauthographic techniques. Both preliminary assays at the tested concentration showed no activity.
Turkey is an important center of biodiversity comprising more than 10,000 flowering taxa of which almost one third are endemic, contributing to the chemical diversity of natural compounds [1, 2] . The Apiaceae provides several important species as a natural resource of medicinal, aromatic and food plants, which are popularly used in the Balkans, Middle East and Turkey [1, 3, 4] .
Szovitsia Fisch. & C. A. Mey. is a monotypic genus of the Apiaceae. S. callicarpa Fisch. & C. A. Mey. is an annual glabrous plant with leaves 2-3 pinnate, lobes linear-filiform, as well as quite ornamental elliptical mericarps. The natural habitat of S. callicarpa is salty places and surrounded gypseous hills and its distribution is rare in Turkey, where it is only found in Kars province. Elsewhere, its distribution is limited to Transcaucasia and northwestern Iran [5, 6] .
Hydrodistillation, the most common method to isolate essential oils and volatile fractions from aromatic plants, has generally the major drawback of needing large amounts of sample (>10-100 g, preferably dried) and involves extensive time consumption. However in contrast, microdistillation is a useful and powerful tool for the fast isolation of volatile compounds, even from minute amounts (e.g. ~150 mg) of plant or other organic material [7] .
To the best of our knowledge, no phytochemical and biological data on S. callicarpa was found according to a literature survey. Thus, we aimed to evaluate (i) the compositions of microdistilled and hydrodistilled samples using gas chromatography (GC) and gas chromatography-mass spectrometry (GC-MS), (ii) the antifungal and free radical scavenging activities of these volatile fractions and the major compound, α-kessyl acetate (23), obtained from the hydrodistilled essential oil, were tested against the pathogen, Candida NPC Natural Product Communications 2010 Vol. 5 No. 2 297 -300 The volatiles were first obtained from the scarce amounts of S. callicarpa fruits available by microdistillation (MD) and then the essential oil (HD) was obtained using a Clevenger type distillation apparatus to isolate the major constituent. Both samples were analyzed by GC and GC-MS, simultaneously (Table 1) . Twenty-two compounds, representing 98.6% of the total, were detected in the microdistilled sample (MD), and 17 compounds, representing 98.5% of the total, in the hydrodistilled sample (HD).
Evaluation of the compositions of the isolated MD and HD samples showed no significant difference in major components. However, some differences were observed due to the different isolation techniques used especially with the monoterpene hydrocarbon fractions. When compared with conventional hydrodistillation the microdistillation technique offers fast and efficient handling, and good qualitative and quantitative results, making it valuable in phytochemical analysis.
The microdistilled essential oil contained an unknown major constituent, which prompted us to isolate more of the compound by hydrodistillation. The hydrodistilled essential oil was then subjected to column chromatography over silica gel to give a colorless oily compound (23), which was identified as α-kessyl acetate (23), a sesquiterpenoid compound, by comparison with the reported 1 H and 13 C NMR spectral data [8] . In addition, the structure was confirmed by EI-MS analysis, which showed a molecular ion peak at M + 280. GC-MS analyses showed that the microdistilled and hydrodistilled essential oils contained 66.0 and 65.1%, respectively of α-kessyl acetate. Other major constituents determined in both oils were longipinene, longicyclene and kessane. It was interesting to note the presence of himachalenes, which are fairly rare compounds mainly present in Cedrus species [9] .
α-Kessyl acetate has been identified previously in different parts of various Valeriana species and was characterized as a chemotype marker for the Valeriana genus [10] [11] [12] [13] . In the Apiaceae family, α-kessyl acetate was previously identified in the essential oil of Heracleum dissectum together with other kessane derivatives, as well as kessane and kessanyl acetate [14] .
Both volatile fractions and 23 were tested at a concentration of 1 mg/mL against the pathogen C. tropicalis and for the free radical scavenging activity compared to 2,2-diphenyl-1-picrylhydrazyl (DPPH•) by TLC-bioauthographic techniques. Due to small amounts of sample, TLC bioautographic microtechniques [15] were applied for screening biological properties such as antifungal activity against newer threads like C. tropicalis [16] . TLC-DPPH derivatization is known to be a useful technique to identify compounds from extracts with potential antioxidant activity [15, 17] . However, the tested materials were inactive in both preliminary assays when compared with the standards ketoconazole, clotrimazole and ascorbic acid at the same concentrations used for the antifungal and free radical scavenging assays, respectively.
To the best of our knowledge, this is the first report on the chemistry and biological activity of S. callicarpa growing in Turkey. The fruits showed a diverse chemical composition, but were found to have no antifungal and scavenging activity, against C. tropicalis and in the DPPH assay in low concentrations, respectively. Furthermore, this is the first evaluation of α-kessyl acetate for its activity against C. tropicalis and DPPH free radical scavenging activity.
Characterization of Szovitsia callicarpa volatiles
Natural Product Communications Vol. 5 (2) 2010 299 Experimental General: 1 H and 13 C NMR spectra were recorded on a Bruker BioSpin GmbH system at 500 and 125 MHz, respectively. Solvents and chemicals used in the experiments were purchased from either Sigma-Aldrich (Taufkirchen, Germany) or Merck (Darmstadt, Germany). Microdistillation: Crushed fruits (~750 mg) were placed in a sample vial together with 10 mL distilled water. NaCl (2.5 g) and distilled water (0.5 mL) were placed in the collecting vial. n-Hexane (300 µL) was added to the collecting vial to trap the volatile components. Sample vials were heated to 100°C at a rate of 20°C/min and then kept at 100°C for 15 min. They were then heated to 112°C at a rate of 20°C/min and kept at this temperature for 35 min. The collecting vials were cooled to -5°C during distillation. Finally, the samples were subjected to a post-run for 2 min under the same conditions. After the distillation was completed, the organic layer containing the volatiles (sample A) in the collection vial was injected into both the GC and GC-MS, simultaneously.
Hydrodistillation: Air dried fruits (5 g) were crushed and hydrodistilled for 3 h using a Clevenger-type apparatus to yield (0.6%; 30 mg) an essential oil (sample B), which was collected afterwards with n-hexane and also immediately analyzed by GC and GC-MS.
Volatiles Analysis -GC-MS conditions:
An Agilent 5975 GC-MSD system was used with an Innowax FSC column (60 m x 0.25 mm, 0.25 µm film thickness), and helium as carrier gas (0.8 mL/min). GC oven temperature was kept at 60°C for 10 min and programmed to 220°C at a rate of 4°C/min, and kept constant at 220°C for 10 min and then programmed to 240°C at a rate of 1°C/min. Split ratio was adjusted at 40:1. The injector temperature was set at 250°C. Mass spectra were recorded at 70 ev and the mass range was from m/z 35 to 450.
GC conditions:
GC analysis was carried out using an Agilent 6890N GC system. FID detector temperature was 300°C. To obtain the same elution order with GC-MS, simultaneous autoinjection was done on a duplicate of the same column applying the same operational conditions. Relative percentage amounts of the separated compounds were calculated from FID chromatograms.
Identification of components:
Identifications of the essential oil components were carried out by comparison of their relative retention times with those of authentic samples or by comparison of their relative retention index (RRI) to a series of n-alkanes. Computer matching against commercial (Wiley and MassFinder 2.1) [18, 19] and in-house "Baser Library of Essential Oil Constituents" libraries made up by genuine compounds and components of known oils, as well as MS literature data were also used for the identification.
Isolation of α-kessyl acetate (23):
The compound was isolated from the hydrodistilled essential oil of S. callicarpa by microcolumn chromatography. Silica Gel 60 G (ca. 1 g, Merck 7734) was used as the packing material and was added to a Pasteur pipette with wet n-hexane. The hydrodistilled essential oil (30 mg) was applied to the column and n-hexane (3 mL) and diethyl ether (3 mL) were used as eluants, respectively to yield compound 23 (1.8 mg) as a colorless oily material.
Biological evaluation of the essential oil and compound 23:
The volatile fractions of S. callicarpa, as well as α-kessyl acetate, were tested against C. tropicalis (NRRL Y-12968) using an agar overlay, and for its free radical scavenging activity against 2,2-diphenyl-1-picrylhydrazyl (DPPH•) by TLCbioauthographic techniques [15, 17] .
Agar overlay bioauthographic assay: Nutrient agar (15 mL, Difco) was poured onto the Petri dish (12 cm diameter) for the formation of an agar base. One of the developed and untreated TLC plates was carefully placed on the agar base under aseptic conditions. C. tropicalis was previously grown and incubated, as described above. MHB with an agar (7.5%, Acumedia) addition was used in molten form and kept at 45°C after sterilization when the pre-grown Candida suspension was transferred and adjusted to McFarland No: 0.5. Immediately, the Candida inoculated media was poured onto the TLC plates to form a thin film and incubated at 37°C for 24-36 h. After sufficient growth, the Petri plates were sprayed with a 1% (w/v, EtOH) Tetrazolium Violet [2,5-Diphenyl-3-(1-naphthyl)-2Htetrazolium chloride, Sigma, Taufkirchen, Germany] reagent and further incubated at 37°C for 1 h. Inhibition zones were visualized against the red colored background. Ketoconazole and Clotrimazole were used as standard antifungal agents for comparison with clear inhibition zones.
Bioauthographic assay for free radical scavenging activity with DPPH:
The test substances were assayed for their radical scavenging activity at 1 mg/mL concentration in MeOH using a TLC-bioauthographic assay to detect the activity and the active substance(s). Stock solution (5 µL) of each test sample and control (ascorbic acid) were applied to the TLC plate, after development, and air dried for complete solvent evaporation. DPPH in MeOH (0.2%, w/v) was sprayed onto the TLC plate after either application or development of the samples.
